By calculating the effects of electronic scattering at rough surfaces by means of a combined Soffer-Cottey model, general theoretical expressions for the s:ze effects in thermal properties of thin metal films are proposed.
INTRODUCTION
In the last decade a lot of measurements on the thermal galvanomagnetic and electrical properties were performed on structurally continuous thin metal films. Most of these experimental works were, up till now, interpreted in terms of the earliest theoretical work on the influence of the film thickness on the transport properties which was done by Fuchs 2 and Sondheimer (F.S. model). But the F.S. model is based upon the assumption of a constant specularity parameter, p, which is independent of the electron energy, W, and of the angle, 0, of incidence. Hence some authors [4] [5] [6] have presented some more sophisticated models in order to solve the problem of surface scattering when the above assumptions are not fulfilled. In particular the Soffer model 5 which deals with a theoretical study of the surface roughness effect turns, in the limit where the correlation distance along the surface decreases to zero, to a simple formulation of the specularity parameter 
where r is the surface roughness (i.e., the r.m.s, height deviation) and hc is the De Broglie wavelength.
Owing to this simple formulation some attempts have been made in the past few years to derive new equations for the electrical conductivity 7'8 and for the galvanomagnetic coefficients 9'1 of thin metal films replacing the constant specularity parameter p by Eq. (1) in the theoretical analysis of the size effect. These theoretical works are based on the use of either the classical F.S. model 7'9 which involves the use of a computer for a numerical evaluation of the size effect in the transport properties or the Cottey model l which generally offers the possibility to derive analytical expressions 8'12 for the transport coefficients. But there is up to now no theoretical study devoted to the study of the influence of the surface roughness on the size effect in the thermal properties of metal films.
In view of this lack of theoretical formulations we present in this paper an analysis of the thermal properties of thin metal films starting from the Soffer (4) where -r(0) is the total relaxation time which describes the simultaneous background scattering and electronic scattering at the external rough surfaces.
Here it should be pointed out that to give the problem more tractable the calculations are performed in the free electron case for which the electron energy is simply given by (23) Applying Eq. (22) to Eq. (14) the absolute thermopower of the metal film is then KTf eT K*of (24) Combining Eqs. (15) and (23) 
Introducing Eqs. (26) and (30) into Eqs. (17) and (19) Sf----s{V n t-U(lf/13o)} (38) If the electrons are free V and U reduce to and m + 1/2 respectively. Thus comparing
Eqs. (31) and (38) we see that a more general expression of the form
is appropriate for films of metals with nearly spherical Fermi surface.
Starting from the general expression of the thermal conductivity, qf, we have for the thermal conductivity: We shown that to the first order in T Eq. (40) yields 2 qf = B (K) (43) Here it must be kept in mind that the film conductivity, O'f, is just (44) so that Eq. 
THEORETICAL RESULTS
The Reduced Thermoelectric Power
For a sake of simplicity, the results presented in this section are essentially concerned with the free electron case for which the thermopower, So, of the bulk material is given
Equation (31) can be evaluated numerically with the aid of a pocket calculator but for convenience the theoretical curves illustrating this section are drawn using a microcomputer.
In our discussion of thermopowers of metal films we are inevitably forced to discuss the influence of the constant m on the reduced thickness, k d/ho, or on the reduced roughness, r/he, dependence of the thermopower ratio, SF/So. For this purpose it seems suitable to examine (Fig. 1) Figure  For a given film thickness we see a peak in the variations of * * 3). As the film becomes thinner and thinner the peak appears for smoother and smoother film surfaces. This behavior seems to be characteristic to the SC model which includes the angular dependence of the specularity parameter. Effectively, theoretical classical models derived in the framework of the F.S. theory 28'29 Or the Cottey theory predict a continuous and monotoneous decrease in * * Klf/Klo as the electron scattering at external surfaces changes from totally specular to increasingly diffuse.
4. As expected the size effect vanishes when the film has zero roughness (specular scattering) or when the film thickness tends to infinity.
It is now interesting to see more precisely what happens in the variation of the thermopower ratio, Sf/So, against the reduced thickness, k, for different values of m. Figure   4 shows that if m lies in the range where m > 0 or m < 1.5, as k increases, Sf rises to reach the value for the bulk specimen in crude accord with classical models 28 .s (Table II) .
The reduced thermal conductivity
In Fig. 6 the thermal conductivity ratio, %f/o, is plotted versus k for different values of the reduced roughness. In this case the value of the r.m.s, surface roughness plays an 
DISCUSSION AND CONCLUSION
If we turn our attention to the variations of the transport parameters with film thickness it clearly appears that the angular dependence and the r.m.s, surface roughness diminish 19-21'25 At this point of the discussion it should be noticed that here the calculations are performed using a single relaxation time % for the background electron scattering. But as films contain structural defects such as vacancies, dislocations and grain-boundaries which affect the thermopower one can believe that the energy dependence of the relaxation time or the mean free path will change strongly with a large concentration of defects.
,3o
This problem is frequently interpreted in terms of the Nordheim-Gorter's rule 1 assuming the validity of the Matthiessen's rule. It seems also convenient to discuss what happens when the energetic parameter V differs from that (V 1) for free electrons. Several authors ls'31'3: have pointed out that if distortion of the Fermi surface occurs due to additional electron scattering by impurities the energetic factor V could become negative. Moreover as suggested by Ziman 14 noble metals with distorted Fermi surface can also have positive diffusion thermopower as the result of a decrease of the relaxation time with increase in energy which arises with increasing distortion of the Fermi surface.
It is well known that in thin films the concentration of structural defects is large enough, however we cannot neglect the presence of impurities frozen in the film. Owing to the preceding remarks this situation gives inevitably rise to a marked deviation in the value of the two energetic parameters U and V with respect to that measured for a perfect bulk specimen. In Table IV we list the result of measurements of Sf on films of Au, Ag and Cu. For some metals we observe a large scatter between results from different authors which can be attributed to differences in the preparation procedure and subsequent annealing process which certainly induce the formation of thin films whose final structure and chemical composition (concentration of impurity) differ notably. In these conditions changing the value of U and/or V we can certainly verify the adequation of the present model to describe the size effect in the thermopower provided in previous experiments the variation of Sf with k was found to be in closer agreement with the predictions of 
